behaviour in such situations as this process is based on the continuous adaptation of actions to 1 the on-going information without any need for prediction (e.g., Jacobs & Michaels, 2006) .
2
The principle is to continuously reduce or cancel the discrepancy between the actual and the 3 necessary movement. LeRunigo et al. (2010) showed that when the velocity of a target 4 unexpectedly changed, experts adapted their actions earlier to the new velocity. They 5 suggested that this difference, combined with the ability to reach a high velocity of the hand 6 after the deviation of the ball, could explain the better precision of experts in ball sports.
7
Given the proposed differences in the precise control of actions between experts and 8 non-experts, the aim of the current study is to examine whether expertise in ball sport could 9 be revealed by a visuomotor tracking (VMT) task. We expected that accuracy in the VMT 10 task, where the goal is to pursue and to continuously match the trajectory of the target, 11 strongly depends upon precise perception-action coupling (Le Ruingo et al., 2010). Further to 12 studies that have examined expertise using judgments in response to simulated sport scenarios 13 (e.g., Williams et al., 2002) or real-time interactions in sport tasks (e.g., Dicks, Button, &
14
Davids, 2010), we aimed to examine whether expertise can be revealed by a VMT task with 15 strict spatiotemporal demands that require precise perception-action coupling processes. 16 The current study contains demanding spatiotemporal constraints during the VMT task 17 with accelerations and sudden changes in the direction of the target following rebounds on the 18 sides of a 2D square. As movement control for interacting with moving targets is known to be 19 based on first-order information corresponding to the velocity of the target (e.g., Bootsma, 20 Fayt, Zaal, & Laurent, 1997), sudden or continuous changes in the velocity should increase 21 the difficulty of tracking and require more adaptations and accurate regulation in movement
22
(e.g., Le Runigo et al., 2010). Three groups of participants (Non-Experts, Experts and Super- 23 Experts in ball sports), were tested with the aim of differentiating between Experts and Non-
24
Experts and also within Experts with different level of expertise. We expected that performance in the task would be a function of the level of expertise specifically in the more 1 demanding conditions (i.e., accelerated condition and tracking following a rebound). We also 2 expected that temporal variables such as the initiation time of the effector following the first Three groups were tested; the Super-Experts (Super-Exp) group included 13 10 international level tennis players (8 men and 5 women), among the best 600 in the world, interceptive sports nor did they play any sports that could be considered as "fast-ball" (e.g., 16 tennis). Finally, as a rigorous experimental check, none of the participants reported 17 intensively playing video games (more than one hour a day); this point was carefully 18 considered as it is known that this could affect the findings of the VMT task (e.g., Bavelier, 23 We used a Samsung screen (Sync Master F2380) with an area of 50.8cm × 28.7 cm The moving target had an initial velocity of 10 cm/s, and the velocity vector was from one trial to the next and always changed direction relative to the initial velocity vector.
Experimental device for visuomotor tracking task

22
The moving target rebounded on the side of the square with a restitution coefficient of 1, 
11
In a pre-analysis of the data we observed that participants were not able to track the 12 target around the rebounds with the same accuracy as in the rest of the trials. Consequently, analyses were used when necessary to follow-up main and interaction effects.
24
Results
25
The initial temporal and kinematic characteristics of the effector are summarised in 26 velocity value in the constant velocity conditions (7.53 ± 1.02 cm/s) than accelerated conditions (7.89 ± 1.01 cm/s). Distance to target analysis revealed a significant effect of Expertise (F (2,39) = 6.66, P Rebound perturbation period analysis showed a significant effect of Expertise (F 4 (2,39) = 7.7, P < .05, η² = .28). Post hoc analyses showed a significant difference between Super-Exp (M Super-Exp = 2.90 ± 0.91), but no significant difference between Exp and Super- (Figure 3 ).
5
No other interactions were observed. In order to determine which variables could explain the performance in the task (i.e.,
14
distance to target), we used a forward stepwise regression. For each participant, the distance 15 to target score was used as a dependent variable and initiation time, rebound perturbation period, number of gap reductions, and time-to-peak-velocity were used as independent 1 variables or predictors.
2
In the first step, the number of gap reductions was the best predictor of distance to target, 3 with a significant correlation .74 (F (1,40) = 50.72), and explained 55% of the total variance.
4
In the second step, rebound perturbation period was entered into the predictive equation and 5 was found to explain an additional 14% of the total variance. In the third step, initiation time 6 was added and explains 1% of the total variance. In final step, time-to-peak-velocity was The purpose of this study was to examine whether perception-action coupling 9 capacities are a possible determinant of expertise in fast-ball sports. We aimed to ascertain 10 whether these supposed superior capacities could be revealed through the completion of a and non-experts (see also, Faubert, 2013) . That is, assuming that demanding laboratory tasks 17 for perception-action coupling can be sufficient.
18
For all participants, the accuracy of pursuit decreased in the accelerated conditions.
19
This observation is consistent with the hypothesis that the perceptual-motor system has 20 greater difficulties in adapting to accelerated moving objects than those with constant 
15
The analysis of the number of gap reductions revealed greater movement regulation in 
19
The VMT task used in the current experiment was a simulated interceptive task, which 20 prevents specific generalizations being made about performance in sport specific contexts.
21
However, the functional coupling between perception and action demanded by the task was To conclude, the results from the current study suggest that the VMT task allowed the 10 discrimination of tennis expertise. Experts initiated earlier movements to adapt and to regulate and limits. Cambridge University Press.
